This application represents the U.S. national phase of PCT/FR95/00208 which claims priority to French applica tion 94/01994, filed Feb. 22, 1994, and French application 94/15135, filed Dec. 15, 1994. The present invention relates to a new approach for gene therapy applied especially to the elimination of certain categories of cells, Such as tumor cells or certain cells infected by viruses, by the production of recombinant ret roviruses from new genetic constructs.
The concept of gene therapy by killer genes or Suicide genes has been developed since 1986 by numerous approaches. It involves the expression of a gene, this expres Sion allowing the conversion of a nontoxic Substance or a toxic Substance by the cell. This concept of gene therapy is applicable and transposable to any gene whose expression in a target cell makes it possible to convert an inactive Sub stance to an active Substance, or Vice versa, leading either to a destruction (example of the Suicide gene), or to a resto ration of certain functions.
In all that follows, the application of these concepts to Suicide genes is more particularly developed given the accessibility of its experimental use. The transposition of the means of the invention to any type of transgene whose expression leads to the effect of a Substance being modified in the direction of an activation or inactivation is neverthe less within the capability of perSons skilled in the art.
Herpes Simplex virus type I thymidine kinase (HSV1 TK) is the enzyme which has been the subject of the highest number of investigations relating to Suicide genes.
This enzyme, which is atoxic for eukaryotic cells, has the characteristic of being able to convert certain nucleoside analogs such as aciclovir (ACV) or ganciclovir (GCV) to monophosphate-containing molecules, of which cellular kinases are normally incapable (G. B. Elion, J. Antimicrob. Chemother. 12:9-17 (1983) ). These nucleoside monophos phates are then converted by cellular enzymes to nucleotide triphosphates which can be used during the Synthesis of DNA and block the elongation process thereby causing the death of the cell. The nucleoside triphosphate analog is therefore only toxic for dividing cells.
All the advantages which can be gained from the use of this type of conditional toxins can therefore be understood when applied to gene, especially anticancer, therapy.
Firstly, only a conditional toxicity makes it possible to generate Stable cell clones producing the pseudo-Viral par ticles capable of producing Such a transgene and transferring the Suicide gene into the target cells. Indeed, these cells simply have to be cultured in the absence of ACV or GCV since HSV1 thymidine kinase is not toxic for the cell in the absence of these drugs.
Next, in the event of a side effect of the treatment, stopping the administration of ACV or GCV causes the toxicity due to the transgene to cease immediately; in addition, adjustment of the doses of the nucleoside analog makes it possible to Selectively destroy the cells Strongly expressing the transgene while preserving the cells in which the gene is weakly expressed; this toxicity which is restricted to dividing cells is a great advantage especially for the treatment of cancer cells.
Finally, experimental data in vitro and in Vivo have shown that cells not expressing HSV1-TK, but which are in contact with the latter, were also destroyed by the treatment with ACV ("Metabolic Cooperation" or "bystander effect") (Moolten F. L., 1986 , Cancer Research, 46:5276-5281 and Culver K. W. et al., 1992 , Science 256:1550 -1552 . The mechanism of this effect is still not understood, but it is possible that the nucleoside triphosphate analogs can pass from one cell to another via "gap junctions'.
Retroviruses appear to be the best vectors for transferring exogenous genes into eukaryotic cells, especially human cells.
However, an essential precondition for the use of retro Viruses for therapeutic purposes and especially in gene therapy is to verify the safety of their use.
The principle danger of the use of retroviruses in gene therapy is the possibility of dissemination of a wild-type retrovirus reconstituted in the cell population or tissue considered.
Such a proliferation could lead to multiple integrations of the retrovirus genome into the genome of the infected cells which can lead to all types of genetic disorders.
This type of approach therefore poses the problem of reaching the greatest number of target cells possible, and therefore the capacity of this System to reach the greatest number of tumor cells possible, while ensuring the control of virus proliferation.
Numerous approaches have been established up until now in order to develop packaging cell lines which produce only defective retroviruses carrying the transgene of interest; the development of Such cell lines has considerably increased the use of retroviruses in gene therapy by Virtue of the Safety conferred by these Systems.
The first vectors used were retroviral vectors carried by pseudo-retroviral particles having an amphotropic envelope in order to allow their use in different species, and defective in order to control their dissemination. The initial natural virus is generally the Moloney murine virus from which the cis-acting elements and the trans-acting elements have been Separated in order to form two defective genomes.
The actual viral vector preserved the essential cis Sequences: the LTRS for the control of transcription and integration, the psi Sequence necessary for encapsidation, the PB sequence necessary for the viral replication. The viral genes (gag, pol, env) are deleted and replaced by the transgene to be expressed in a target cell placed in principle under its own promoter or under a promoter judged to be more powerful or regulatable.
The retroviral genes gag, pol and env are often integrated into another vector, Sometimes called Helper, which is defective for the LTR and POLICE DA MATH8AwFINP
Sequences. Their expression allows the encapsidation of the transgene, excluding the genes necessary for the multipli cation of the Viral genome and for the formation of complete Viral particles.
The proviral form of the Helper is in general integrated into the genome of a murine cell line (for example fibroblast NIH/3T3) which acts both as host for the vector and Helper for the functions which it lacks. After transfection of the vector, the cellular Strain becomes capable of producing defective infectious viral particles. However, these particles contain only the gene to be transferred (transgene) alone but do not contain the information necessary for the reconstitu tion of complete viral particles in the target cells. This System is therefore designed to prevent any Subsequent propagation of Viruses after the first infection, that is to Say if the infectious virus carrying the transgene penetrates into a cell lacking the information of the Helper type (gag, pol and env), its production is stopped.
Therefore, conventionally, the packaging cell line is a cell line capable of providing the Helper information in trans relative to the viral genome present in the particle, Such that defective infectious viral particles can be reconstituted. Recent developments have led to the use of a gene transfer in Vivo by directly transferring the vector-producing pack aging cell lines for the treatment of tumors, the elimination for example of microscopic experimental cerebral tumors by Stereotactic injection of cells producing retroviruses TK-HSV1, followed by treatment with GCV, has been reported by Culver et al. (Science 256:1550 -1552 , 1992 . This effect could be explained by the metabolic coopera tion mechanism already mentioned above.
This System of packaging cell lines allowing the produc tion of Viral particles carrying a transgene is therefore extremely promising for use in gene therapy and especially for the expression of conditional genes.
These Systems, developed and described in the numerous references cited above, have nevertheless certain limits which are: 1) the low productivity of these cell lines (infectious titer less than or equal to 106 PFU/ml), the normal retrovirus Mo MuEV producing about 108 PFU/ml and a virus Such as adenovirus about 109;
2) a Second limit of this type of technique is that it uses fibroblast cell lines NIH/3T3 which are adhering lines; this is an advantage when the cell Supernatant contain ing the viral particles is used, but on the other hand is a disadvantage when it is desired to use the transfected lines themselves as medicinal products, the lines injected in Vivo producing, in this case, the recombi nant Viral particles in situ;
3) a third disadvantage, which is the other side of the Safety advantage of the System, is that if the viral particles expressed in Situ by the packaging cell line can transfer the transgene of interest into the dividing cells, any Subsequent dissemination is blocked at this level. This limits the efficiency of the transfer of the transgene because of the blocking of the dissemination. 4 It was therefore important to design a System which possibly allows Self-maintenance of the production of recombinant Viral particles carrying the gene of interest while being assured of controlling any Subsequent propaga tion at the chosen time in order to preserve the required Safety conditions, namely the total control of the dissemi nation of the virus in its wild-type form.
In all that follows, the term "transgene' designates the gene to be expressed in the target cell, which gene, in the examples, is of the Suicide gene type.
The transgene may also be a cytokine or a molecule of therapeutic interest.
The expression "re combinant pseudo-retroviral Sequence" means that the Sequence contains all the genes necessary for the expression of a pseudo-retroviral particle with the exception of the envelope (env) gene and possibly comprising one or more transgenes.
The expression "host cell" means the cell containing the two recombinant nucleic acid Sequences, which are carried or not by the same plasmid and which is capable of being used either as a medicinal product, or to produce the defective recombinant viruses.
The expression "target cell" means the cell which it is desired to treat by introduction of the transgene.
The present invention addresses and makes it possible to overcome the limits of the abovementioned existing Systems by the construction of a host-vector System which makes it possible to express a transgene in a target cell or a human or animal tissue, characterized in that it consists of a eukaryotic The recombinant viral genome described in a) and the nucleic acid sequence carrying the env gene described in b) may be carried either by two different plasmids or transfec tion Systems, either by the same plasmid or transfection System provided that the b) sequence is situated outside the pseudo-retroviral Sequence between the two LTRS. A con Struct on a single plasmid is represented in FIG. 4a .
The characteristic common to both types of approaches:
two separate Supports or a single Support for the a) and b) Sequences is that the b) sequence, being devoid of the up Sequence, is never packaged and consequently the viruses produced by the host are devoid of it. In addition, in the latter case, the plasmid carrying the two a) and b) sequences or that carrying the pseudo-retroviral It appears clearly in this System that the host cell har bouring the above two recombinant Sequences carried by 5,948,675 S one or two plasmids cannot be likened to a packaging cell line Since the first recombinant pseudo-retroviral Sequence carries the psi Sequence and allows, when it is transfected alone, independently of the Second Sequence containing the env gene, the production by the host cell of Viral particles carrying all the initial Sequence, but which are devoid of envelope and therefore noninfectious.
The cell therefore indeed behaves like the host for a normal or recombinant viral vector allowing the production of viral particles without addition of Helper or trans co-expression as described above.
The addition to this host cell of a gene encoding the viral envelope protein in dependence on a promoter and followed by a polyadenylation Sequence allows the transcription and then the translation of this gene into protein in the host cell and, Subsequently, the reconstitution of Viral particles car rying the same genome as the previous ones (and repre sented in FIG. 1a) with the exception that they now possess an envelope which allows them to infect target cells. These infectious viral particles are, after infection of a target cell, capable of producing infectious viral particles only if the env gene is again added and is expressed.
The recombinant plasmids of the invention which have the characteristics of possessing the recombinant retroviral Sequence delimited by the two LTRS, and an env. gene carried or not by the Same plasmid Support, may also be combined with a System allowing their introduction into the target cells. These Systems may be of Several types Such as Viruses or an appropriate vehicle promoting the transfer of the genetic material into the cells, the appropriate vehicles are defined as allowing the crossing of the biological mem branes and may be especially liposomes, cationic lipids, polylysine derivatives, inactivated adenoviruses or ballistic methods.
Liposomes have been used to enclose and transfer into cells both nucleic acids and viral particles (R. Philips et al., (1994) Molecular and Cellular Biol. Vol 14 No. 4, p 2411-2418). These vehicles have a very poor efficiency for transfection of the plasmids which they contain. The addi tion to the pseudo-retroviral Sequence of the invention of Sequences allowing an enhanced and prolonged expression of the therapeutic Sequences of interest makes it possible to envisage their use as recombinant plasmid transporterS/ carriers or as an intermediate means for the manufacture of a medicinal product, or as active ingredient of a medicinal product; the cell thus transfected by the vehicle containing the vectors then transforms itself into a cell producing defective retroviruses encoding the gene of interest but lacking the envelope gene and the defective virus is itself capable of reinfecting other cells So as to again express therein the gene of interest, the cycle necessarily Stopping at this stage, unless an env. Sequence is added by any possible means. This cell is either the cell of the host vector system or the target cell as defined above.
The invention also relates to the vehicles as defined above containing a pseudo-retroviral Sequence as described in 1a, a recombinant Sequence carrying an env. gene as described in 1b, Separated or assembled on the same plasmid Support as described in FIGS. 4a and 4b, and optionally carrying ITRs of the AAV virus upstream and downstream of the recombinant pseudo-retroviral Sequence, and preferably downstream of the recombinant Sequence carrying the env.
gene.
More generally, any viral vector in which: a gene essential for the constitution of infectious viral particles is Substituted by a transgene of interest, this essential gene is present on the same vector, or a Separate vector, but is not in dependence on viral promoters and, Another example of a nonretroviral construct of this type is the reconstitution of a defective recombinant adenovirus in which the E1A gene is Substituted by a transgene of interest, and the E1A Sequence is expressed in trans So as to reconstitute a defective infectious viral particle.
The essential characteristic of the constructs of the inven tion is that they make it possible to produce infectious Viruses either in a host cell, or in a target cell, but the viruses produced will contain a nucleic acid capable of expressing a transgene and incapable of producing infectious particles.
In the case of the pseudo-Viral particles described above, the env. Sequence will be outside the region for regulating the expression of the retroviral Sequences.
This System is particularly advantageous as will be seen later when the transgene to be expressed is a Suicide gene, especially the Herpes Simplex virus thymidine kinase (HSV1-TK), or a cytokine.
In the host-vector system of the invention, the recombi nant pseudo-retroviral Sequence is derived from the genome of the Moloney virus Mul V, the LTR sequences in 5" or 3 being of wild-type origin or derived from different mutants or combinations thereof. There may be mentioned for example the LTR type constructs derived from the mutants mov3, mov9 and mov13 as described in Caruso M. et al. in Proc. Natl. Acad. Sci. USA, 90:7024-7028, 1993. This nucleic acid sequence (FIG. 1a) which will be encapsidated into the Viral particle produced by the host cell, is extremely close to the "wild-type' retroviral genome which offers the advantage of obtaining higher titers than those obtained in the systems described above in the prior State of the art with the packaging cell lines and the trans-complementations of the viral genes.
By way of example, and as will be seen later, whereas in the systems of the state of the art the maximum titer with the packaging cell lines is of the order of 106, this System allows titers of between 106 and 109, and preferably between 107 and 108 PFU/ml. A Second characteristic of the host-vector System of the invention is that the host cell is transfected Simultaneously with a nucleic acid Sequence including a Sequence encoding an envelope protein, this protein being of Viral or even retroviral origin, or a membrane or even cellular protein.
"Simultaneously" means that the two Sequences, the pseudo-retroviral Sequence and the nucleic acid Sequence encoding the envelope gene, are expressed simultaneously in the host cell, it being possible to perform the transfections either simultaneously in one or two constructs, or Succes sively.
The envelope gene chosen may be homologous to the pseudo-retroviral Sequence, that is to Say derived for example from Mo-Mul V, allowing the reconstitution of the homologous pseudo-Viral particles or may be derived from another virus, for example and without being limiting the vesicular stomatitis virus (VSV), HIV, the rabies virus or the gibbon leukemia virus, which gene, when it is transcribed and translated into envelope protein, allows the reconstitu tion of a pseudo-viral type whose envelope is a VSV (or HIV) envelope and the genome containing the LTRS, psi, PB, gag and pol of Mu V, as well as the transgene.
Finally, the envgenome may be of cellular origin and may encode a membrane protein allowing the targeting of the Viral particle on a Specific ligand, especially for a CD4 type receptor.
In addition, the envelope may be a chimeric protein whose carboxy-terminal end is derived from intramembrane 5,948,675 7 Sequences of the Moloney envelope. Experimental data indeed exists which shows that these membrane Sequences may be involved in the concentration of these envelope proteins at the surface of the viral particle. With these chimeric molecules, the efficiency of expression of the chimeric env protein at the surface of the virions will be increased.
A Second advantage of this host-vector System allowing the expression of these heterologous pseudo-Viral types is the possibility, where appropriate, of purifying these pseudo Viral particles by ultracentrifugation without loSS of infec tious power. This makes it possible to obtain viral Suspen sions whose titer may be as high as 109 PFU/ml.
The nucleic acid Sequence containing the env gene as described in FIG. 1b below, may be transfected by any type of means, either physical means or with the aid of Viral or retroviral vectors. Among the physical means known, there may be mentioned microinjection, liposomes or alterna tively So-called biolistic or bombardment processes as described in Kriegler, M. Gene Transfer and Expression; A Laboratory Manual; MacMillan Publishers Ltd.; 1990.
The transfection may also take place by integrating this nucleic acid Sequence into a viral vector and especially an adenovirus.
The advantage of the latter method is the possibility of putting in place a System which is Self-maintained in vivo while retaining full control over the viral proliferation.
Indeed, the host-vector System comprising, as transgene, a Suicide gene and injected for example in a tumor, will express a recombinant viral particle which will itself reinfect in Situ dividing cells.
These cells will in turn reexpress a viral particle, but the latter will not be infectious since the viral genome will not have been trans-complemented by an envelope gene.
If, at this stage, a recombinant expression vector contain ing the env gene is injected, it will be possible for a new trans-complementation to occur and the cycle is repeated once again; the Safety of the System is, in this manner, preserved since a double transfection is necessary, one by the pseudo-viral particle Mul V capable of infecting only dividing cells and the other by the adenovirus capable of infecting all the cells. Therefore, only the dividing cells will be capable of being co-transfected, of expressing the viral genes in trans and of producing pseudo-Viral particles capable of infecting the target cells. This System therefore makes it possible, in a particularly elegant manner, to transfect into a target cell, for example the TK Suicide gene, allowing the expression of the latter and conferring on the cell containing it the Sensitivity to the nucleoside analogs, the Simultaneous transfection of an envelope gene allows the production, by this Same target cell, of infectious particles comprising the same recombi nant pseudo-Viral genome defective in the envelope gene.
This cycle can therefore be repeated the desired number of times as long as the Sequence carrying the env gene is provided exogenously; the System Stops after one replicative cycle of the virus in the target cell, production of infectious particles, reinfection and production of noninfectious par ticles.
The whole of this cycle is described in FIG. 2. A third advantage of the host-vector System according to the invention is that any type of eukaryotic cells established as lines may be chosen provided that this line is capable of producing this type of amphotropic viral particles.
In addition to the NIH/3T3 lines conventionally used to produce recombinant Viral particles of the Moloney virus, the host-vector system of the invention allows the use of The obvious advantage of using cells in Suspension is the industrial application for the preparation of medicinal prod ucts which can be used in gene therapy, large quantities of these cells being necessary for Such preparations which are obviously much easier to obtain with cells in Suspension than with adhering cells.
The choice of VERO cells as host cells may have the advantage, on the one hand, of coming from primates and therefore of being more phylogenetically Suitable for man and, on the other hand, of being more resistant to the action of the natural antibodies and of the complement. These cells have finally been used widely for the production of vaccines, and in particular of Viruses which undergo only very few inactivation or purification stages (for example vaccine against rabies). Some cells which can be used as viral particle-producing host cells have the property that the Said particles are not inactivated by the complement: these are especially human cell lines or lines derived from Vison.
The choice, as host cells, of Lepidoptera cells or more generally of insect cells (with the exception of Diptera) also has many advantages for constructing host-vector Systems which can be used as medicinal products in gene therapy: they are capable of producing viral envelope proteins of viruses which infect eukaryotes, but they themselves are not capable of being infected by these viruses, insect cells do not produce mammalian viruses, Viral Safety tests relating to them are therefore reduced; these cells are not capable of being infected by viruses which are potentially pathogenic for man; it is therefore Safer to use these cells for a use in human therapy from the point of view of viral safety tests; insect cells grow in Suspension and are therefore capable of being cultured on a large Scale; insect cells are capable of intratissue movements, consequently, in the case where they might be injected into a tumor, they can therefore move and deliver their pseudo-Viral par ticles at a distance from the Site of injection: it is possible to use promoterS Specific to insect cells which are Strong promoters: for example, it is possible to use baculo virus promoters which give high expres Sion levels and therefore an increased number of pseudo-Viral particles, given that there are Several Strong promoters derived from baculo virus, it is therefore possible to perform com plex constructions in order to limit the risks of recom bination between the different transfected genes. Because of all these advantages, insect cells, optionally modified genetically So as to be capable of manufacturing amphotropic pseudo-Viral particles, are a preferred tool for the construction of the host-vector System of the invention.
Persons skilled in the art will know, on a case-by-case basis, depending on the transgene which they wish to express in a target cell, how to produce the constructs using the appropriate expression vectors and the appropriate host cells allowing the trans-complementation of the envelope gene with the retroviral genome carrying the psi Sequence, the gag gene, the pol gene and the transgene(s), and allowing dissemination by the addition of the env gene, which is controlled over time and in Space.
Another advantageous improvement of the host-vector System of the invention consists in integrating, into the nucleic acid Sequence carrying the enV gene, a Sequence of the HSV1 thymidine kinase gene or any other conditional 5,948,675 Suicide gene; this improvement is a Second key which makes it possible to increase the efficiency of the treatment, as well as the Safety of the System, Since, in this manner, the Suicide gene is expressed in the target cell in dependence on promoters of different types and, consequently, this makes it possible to increase the Sensitivity to nucleoside analogs which is conferred on the cells by the expression of this Suicide gene.
Another particularly advantageous improvement for the Viral Safety problems in a therapeutic use in man is the use of a host-vector system in which:
the host cells are insect cells, not producing mammalian Viruses, the vector carrying the env gene used in dependence on a promoter contains upstream of the env gene a homolo gous Sequence of the defective recombinant retrovirus used in the host-vector System, for example all or part of a gag gene or all or part of a pol gene. This System is advantageous because, if a homologous recombination with a retrovirus occurs in a System where the host contains endogenous retroviruses, for example in mouse cells, then it will lead to the production of nonfunc tional retroviruses. This recombination will occur Such that the recombinant genome resulting therefrom will also be defective. The injection of this type of cells into man will be completely safe from the viral point of view.
Likewise, the use, with this System, of an insect cell in the host-vector System cannot lead to homologous recombinations, the insect cells not carrying mammalian retroviruses and, consequently, injection for therapeutic pur poses will make it possible to produce only the defective recombinant Viral particles of the invention, excluding viral particles derived from a homologous recombination and which could then be infectious.
The present invention also relates to a process for express ing a transgene for gene therapy which consists in using the following Steps: a) construction of a host-vector System by transfection, into a eukaryotic host cell, on the one hand, of a pseudo-retroviral Sequence in which the env gene is deleted totally and replaced with the transgene, for example at the level of the ATG of the said env gene and, on the other hand, a nucleic acid Sequence containing, in its Structure, a Sequence encoding an envelope protein under the control of a promoter, where appropriate combined with the transgene and flanked at its 3' end by a polyadenylation Sequence, the two Sequences above being carried by one or two plasmid type Vectors, b) bringing the said System into contact with the cells in which the transgene has to be expressed, c) where appropriate, again transferring, into the target cells, the abovementioned Sequence containing the env gene. In the case where the two Sequences are carried by the same construct, the Sequence containing the Sequence encoding an env. protein is outside the two 5" and 3' LTRs of the pseudo-retroviral sequence. In the process of the invention, the transgene may be a gene of therapeutic interest and especially a Suicide gene such as the HSV1 thymidine kinase gene which confers, as Stated above, the Sensitivity of the cells expressing this gene to nucleoside analogs.
In the process of the invention, the pseudoretroviral sequence is directly derived from the Moloney virus Mul V, the LTR sequences in 5" or in 3' being derived directly from Specific viral Species Such as mov9, mov3 or mov13, they may be of wild-type, mutant or combined origin. In the process of the invention, the Sequence containing the env gene is chosen especially from the retrovirus Sequences encoding the Said gene and especially the env gene of Mul V or the env gene of a heterologous virus Such as for example VSV, HIV, the rabies virus, the Gibbon leukemia virus. It goes without Saying that the reconstituted Viral particle is a hybrid particle whose envelope consists of the envelope protein of the virus from which the env Sequence was derived and the Viral genome being derived from Mu V.
The process according to the invention is characterized in that the Sequence containing the env gene (whether this Sequence is included in a plasmid also carrying the pseudo retroviral Sequence or on the contrary whether it is included in an autonomous vector for the latter) is introduced into the target cell by any appropriate means, especially by a viral vector, Such as an adenovirus, or alternatively by physical methods, for example bombardment, fusion of liposomes or micro-injection. It goes without Saying, as explained above, that the use of an adenovirus allows the implementation of a process with a high yield while preserving total Safety Since the expression of Viral particles can only be achieved in dividing cells and by trans-complementation of the pseudo-viral particle derived from the Moloney virus and of the envelope gene derived from the adenoviral vector.
One advantageous variant of the process of the invention, especially when the liposomes are used as transfection means, is the addition of one or more Sequences, outside the two LTRs, whose function would be a function of stabilizing the expression of the pseudo-retroviral Sequence and espe cially of the transgene. Apart from this type of Sequences, any type of Sequence capable of increasing expression in terms of the level and/or duration may be chosen by a perSon Skilled in the art and integrated into the vector or plasmid for transfection outside the two type a) and b) nucleoside Sequences above.
An example of these sequences is the ITR (Invented
More generally, the invention relates to a proceSS which allows the expression of a transgene for gene therapy, characterized by the Simultaneous transfection, into target cells, of a retroviral genome having the general Structure represented in FIG. 1a , which genome has all the Sequences necessary for the expression of a viral particle, but lacks the envelope gene conferring on the Said viral particle its infectious character and, on the other hand, a nucleic acid Sequence containing, in its structure, a cellular or virus envelope gene, the co-expression in trans of the two Sequences thus transfected allowing the expression of recombinant Viral particles which are infectious but lack the Said env gene in their genome.
This co-expression in trans of the two types of nucleic acid Sequences can be achieved either in a host cell therefore allowing the production of a host-vector System which can be used as Such in gene therapy, or as a simultaneous injection into the target cells to be treated, or finally by encapsulation into a vehicle, for example lipoSomes.
This expression may be achieved both when the Sequences are carried by two different Structures, or by the Same plasmid Structure provided that the one carrying the env. gene is outside the two 5" and 3' LTRs of the pseudo retroviral Sequence.
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The iterative character of the System used is clearly apparent to a person skilled in the art by adding, as required, the Second nucleic acid Sequence carrying the env gene and capable of being expressed under the control of a promoter.
The invention also relates to the use, in gene therapy, of the host-vector system described above and obtained by Simultaneous transfection, into a eukaryotic cell, of two nucleic acid Sequences whose expression in trans allows the Said eukaryotic cell to produce infectious viral particles carrying the tranagene, it being possible for this use to be advantageously applied to the expression of a Suicide gene in target cells to be destroyed.
This co-expression is achieved by a double transfection of sequences described in FIGS. 1a and 1b, or by transfection of a single Structure carrying the two types of Sequences, 1 a and 1b, of which an example is represented in FIG. 4a. If this Single structure carries, in addition, a Sequence enhancing the expression in terms of level or duration, Such as the ITR Sequences of the AAV virus, the use is particu larly advantageous, especially in the case of the use of liposomes as means of transfection, thus enhancing the efficiency of this technique and allowing the use of the liposomes carrying recombinant plasmids as intermediate in the manufacture of a host-vector System which can be used in gene therapy or also as active ingredient of medicinal products which can be used in gene therapy.
The AAV ITRs produce their maximum effect when they are positioned one upstream of the 5' LTR and the other downstream of the polyadenylation Sequence PA, as repre sented in FIG. 4b. Finally, the invention relates to medicinal products which can be used in gene therapy and which are characterized in that they contain, as active ingredient, eukaryotic cells which have been subjected to a double transfection with the nucleic acid sequences as described in FIGS. 1a and 1b; the active ingredient of a medicinal product according to the present invention may also consist, on the one hand, of infectious recombinant Viral particles carrying a viral genome in which the env gene has been Substituted for example at the level of its initiation codon by the transgene to be expressed and, on the other hand, by a nucleic acid Sequence containing, in its structure, the envelope gene, in dependence on a promoter and, where appropriate, flanked by a Sequence encoding, for example, the thymidine kinase gene.
The invention likewise relates to medicinal products characterized in that they contain, as active ingredient, liposomes containing recombinant DNA sequences, one of which consists of a pseudo-retroviral Sequence between the retrovirus 5' and 3' LTRS, comprising the gag and pol genes and a gene of therapeutic interest, but lacking the env. gene, and another Sequence outside the first, containing an env. gene and a polyadenylation Sequence and in dependence on a promoter and, where appropriate, also flanked by a Sequence encoding a gene of interest; in an advantageous embodiment, the medicinal product consisting of these liposomes carrying recombinant Sequences is Such that the plasmid carrying them comprises, in addition, Sequences which make it possible to enhance the expression of the genes of interest and especially those which are between the two LTRS, thus increasing the efficacy of the Said medicinal product.
The gene of interest for the medicinal products of the invention is advantageously the gene for thymidine kinase, which, when it is expressed, conferS on the cell harboring it Sensitivity to the nucleotide analogS Such as gancyclovir or acyclovir. The vector used is derived from the retroviral vector pMA 245, which is derived from the Moloney virus Mul V and was constructed from Mul V fragments cloned from differ ent Mov species as established by Jaenisch et al., 1981, Cell 24: 519-529. The genetic construction can be easily performed by perSons skilled in the art. A plasmid carrying an infectious Moloney provirus is used as Starting material. Such a plasmid, when it is transfected into an appropriate cell line (for example mouse NIH-3T3 cell), gives rise to infectious Viral particles carrying the wild-type Moloney genome derived from the transfected genetic construct. In this genome, the gene encoding the envelope is replaced by a gene encoding the protein of therapeutic interest. This construction is performed Such that this gene is Synthesized from the same spliced transcripts as the "wild-type' enve lope gene. For the Sake of efficiency of expression of the gene of therapeutic interest, and also of efficiency of pro duction of retroviral particles, the gene of therapeutic inter est can even be substituted Such that its ATG codon is exactly in the position of the ATG of the Moloney env gene. The gene of therapeutic interest is more easily derived from the complementary DNA and therefore contains no intron and also lacks a polyadenylation Sequence. The genetic construction is Such that it therefore preserves the natural Splicing of the Moloney virus, Such that it preserves the reading frame of the gag and poll genes and Such that it preserves the integrity of the 3' LTR of the Moloney virus. The entire genetic construction is performed according to the rules of the art by enzymatic digestion of the DNA and then ligation of the appropriate fragments, these techniques are described in Maniatis et al., 1989 , Molecular Cloning, A Laboratory Manual. If necessary, it uses PCR or any appro priate amplification technique in order to generate genetic fragments at the ends of which the restriction sites appro priate for the cloning are present.
If necessary also, the different genetic fragments consti tuting the infectious Moloney provirus can be degraded into shorter fragments distributed over the different plasmids, Such that they can be handled more easily in order to be Subsequently reassembled in an appropriate manner. If necessary, finally, Site-directed mutagenesis can be used to introduce either restriction Sites necessary for performing the genetic construction, or in order to Substitute the differ ent genes at precise positions. At the end of this genetic construction, a plasmid is available which, when it is trans fected into a cell (for example NIH-3T3), is expressed like a wild-type Moloney virus and therefore results in the generation of Viral particles whose genome consists of the provirus itself. Because of the homology between the infec tious provirus and the newly constructed defective provirus, the synthesis of the different RNAS takes place with an efficiency in optimized proportions which ensure that the number of viral particles which are manufactured by the cell is very similar to that of a wild-type virus. This number of Viral particles is therefore considerably greater than that manufactured by conventional encapsidation lines in which the different Moloney virus structural genes are carried by different genetic constructs, and in which the retroviral vector which constitutes the genome of the viral particle is on a different plasmid and has a structure and a size which are very different from those of the wild-type Moloney. It should be noted that the viral particles thus produced are not infectious because they lack an envelope. This envelope protein may be provided independently in this cell by means of a vector whose construction is performed below.
EXAMPLE II
Construction of the nucleic acid Sequence carrying the enV gene:
It is indeed possible to transfect, into this cell, a new Simple genetic construct containing a membrane-expressed gene under the control of a conventional promoter (for example the SV40 virus promoter, a cytomegalovirus promoter, a promoter of a housekeeping gene Such as PGK, or even a promoter specific for a given cell type and which will therefore offer an additional safety during use). This expression vector also comprises polyadenylation Sequences obtained from different genetic constructs (growth hormone, f-globin and SV40 polyadenylation sequences and the like).
The membrane gene may be either an envelope of the Moloney virus itself, or an envelope of another virus which can be captured by the viral particle and expressed at its Surface, or even a cell membrane protein which may also be present at the Surface of the viral particle. This is the case especially for the CD4 molecule which has been shown to be capable of being incorporated by different retroviruses.
Another embodiment is the construction of chimeric membrane proteins, Such that their intracellular part is derived from the intracellular part of the Moloney virus envelope, and their extracellular part is a membrane protein allowing better targeting of the Viral particle. The presence of the intracellular regions of the Moloney envelope prob ably ensures a better efficiency of expression of this chimeric envelope at the Surface of the viral particle.
This Second genetic construct is also produced Such that it contains no Sequence derived from a Moloney virus other than the envelope gene itself. More precisely, it cannot contain a Sequence which has not previously been deleted on the previous genetic construct. In this way, the possibility of a recombination between this expression vector and the defective retrovirus as was described above is substantially minimized, which recombination could result this time in the production of an infectious Moloney retrovirus. These genetic constructions are also performed according to the rules of the art as indicated above.
EXAMPLE III
Expression of Viral particles by transcomplementation of the two Sequences constructed in Examples I and II respec tively:
The constructs are used to infect myeloma cells p3X63Ag8 or 3T3 TK cells deficient in thymidine kinase.
The experiment below comprises two control eXperiments and two tests: FIG. 5b represents the second plasmid pCRIPGAG-f, which is an example of a construct in which the MoMul V enV gene is integrated into a Sequence containing the MoMuDV Sequences, -gag-, pol--, env+ and followed downstream by an SV 40 polyA sequence. The figures in bracket indicate the distance in number of base pairs. III.2 Transfection 3T3 TK cells are either nontransfected (batch a)), or transfected according to the conditions described above (batches b), c) and d)).
In batch b), the transfection efficiency is revealed using a chromogenic Substrate; for that, the cells are cultured in the presence of IPTG (induction of Lac operon) and at the end of 24 h in the presence of X gal whose color changes to blue when it is cleaved by the B-galactosidase expressed. The presence of the blue color in the cells therefore reveals the existence of transfection.
In batches c) and d), the cells are placed in the presence of HAT selection medium either at 24 h, or after 5 days of culture when it is expected to have a Substantially greater number of cells resistant under HAT, taking the cell propa gation into account. 2) Clones obtained after a selection immediately after the 24th hour. For the transfections with the plasmid pNP-2 alone, fewer than about ten clones of very Small size are Seen (between 20 to 50 cells per clone). For the transfection with pNP-2 plus the gene encoding the Moloney envelope, about ten clones of Small size plus 38 clones of considerably larger Size (>200 cells per clone) are also seen.
3) Clones obtained after an HATselection on the 5th day.
For the transfections with pNP-2 alone, a few clones, also of Small size, are found. For the dish corresponding to the transfection of pNP-2 and the plasmid env, a very large, uncountable, number of clones is observed, corresponding to about a quarter of the confluent State on the dish as a whole.
III.4 Conclusions
1) The plasmid pNP-2 is functional and allows the expres sion of the TK gene.
2) Immediately after the 24th hour, recombinant viral particles are produced which make it possible to efficiently and stably transfer the TK gene into the cells of the culture.
3) After 5 days, a large increase (but difficult to quantify in this experiment) is observed in the number of stable A conventional plasmid is used as basic skeleton, for example PBR 322 by the methods described above. The constructs as represented in FIGS. 4a and 4b are produced, the plasmid thus recombined may thus be emulsified and enveloped in liposomes or combined with any other vector which makes it possible to cause it to penetrate into the host cell or into the target cell.
